each serogroup in separate containers (in an atmosphere of 5-10 % C02) to avoid cross-contamination. The strains are shown in Table 1 . Cultures were grown at 36°C for 72 h on CYE agar plates and were then harvested in phosphate-buffered saline (PBS) pH 7X2. The suspension was heated in a boiling water bath for 15 min, centrifuged and the deposit suspended in distilled water. Sodium azide was added to a final concentration of 1 %. For use organisms were suspended in an 0-5
When it is was recognised that there was more than one serogroup of Legionella pneumophilal 2 it became obvious that the work of screening sera for antibodies to legionellas using the indirect fluorescent antibody test (IFAT) could be multiplied by the number of serogroups discovered because patients might produce antibody which was detectable only by antigen made from a particular serogroup. It was soon shown3 that patients infected with L pneumophila could produce an antibody response to more than one serogroup of L pneumophila. Nevertheless, this did not preclude the possibility of a response to a single serogroup antigen, particularly early in the infection. We, therefore, investigated the possibility of using a polyvalent antigen made using heat-killed organisms suspended in a suspension of yolk sac. 3 Preliminary results4 with an antigen composed of organisms of serogroups 1-4 were encouraging and we here report our experience with this antigen during 22 months of use in the routine diagnosis of L pneumophila infection, together with comment on further polyvalent antigens composed of serogroups 5 and 6 and other Legionella spp.
Material and methods

ANTIGEN
Serogroups 1-6 of Legionella pneumophila were received from the Centers for Disease Control, Atlanta, as cultures on agar slopes. The organisms were propagated on charcoal yeast-extract (CYE) agar,5 6 care being taken to work with only one serogroup at a time and to incubate cultures of Accepted for publication 20 August 1981 each serogroup in separate containers (in an atmosphere of 5-10 % C02) to avoid cross-contamination. The strains are shown in Table 1 . Cultures were grown at 36°C for 72 h on CYE agar plates and were then harvested in phosphate-buffered saline (PBS) pH 7X2. The suspension was heated in a boiling water bath for 15 min, centrifuged and the deposit suspended in distilled water. Sodium azide was added to a final concentration of 1 %. For use organisms were suspended in an 0-5 % suspension of normal yolk sac from 8-10 day-old fertile hens' eggs in PBS pH 7-2. The density of each suspension was such that a Gram-stained film of a one in four dilution (in the case of serogroups 1-4) or one in two (serogroups 5 and 6) showed discrete organisms at a magnification of x 1000. Hence, the final dilution would, if made in PBS (as opposed to 0-5% yolk sac) have had a density of approximately 5 International Opacity Units. Suspensions were stored at 40C.
PREPARATION OF ANTISERA
Rabbit antisera were prepared against L pneumophila serogroups 1-6 by inoculating rabbits with organisms Thirty-five sera (from 25 patients) all of which had been tested with serogroup 1 antigen in this laboratory previously and many of which had also been examined at CDC Atlanta12 were examined. Paired sera were examined from eight of the 25 adults and the serum pairs from two showed a greater than fourfold rising titre. Three serum specimens were obtained from a further adult and showed a fourfold rise and fall in titre. The changes in titre were demonstrated in these cases with both polyvalent and monovalent antigens. All but two of the sera had a titre of : 64.
In addition, sera from 60 children, who would be unlikely to have antibodies to L pneumophila, were examined as negative controls. All the children's sera were negative when examined at a dilution of 32. The results with adult sera are shown in Fig. 1 L pneumophila infection, together with the results obtained in the forwarding laboratory, are shown in Fig. 2 . The forwarding laboratories used monovalent antigen. The results show a close agreement between laboratories within the range of + one doubling dilution with the exception of two sera. These had been tested with FYSA and gave titres of 32 as compared with 256 using polyvalent antigen. One of these sera only gave a titre of 32 with monovalent heat-killed antigen. The other was shown, on testing with monovalent antigens, to react with serogroup 4 at a dilution of 128 and serogroup 2 at a dilution of 64.
RESULTS OF ALL SERA During the 22 months 1996 sera, from 1290 patients, were examined for the presence of antibodies to L pneumophila using polyvalent antigen, positive results-that is, 3 fourfold rising titres or titres > 256, being confirmed with monovalent antigens.
The results are shown in Table 2 . Of all sera 71 % examined gave titres of 64 or 128 but, when sera from patients with clinical Legionnaires' disease with positive serology, as defined above, are excluded, the figure becomes 5.5%. The 103 sera with a titre of ! 256 came from 51 patients, all of whom, with one exception, had a clinical illness compatible with Legionella infection. The exception was a patient with bronchial carcinoma whose two serum specimens gave a titre of 256 with both polyvalent and monovalent serogroup 1 antigen, indicative of infection at some time. The serological response in 67 cases of Legionnaires' disease was examined and the results are shown in Table 3 . Thirty-six patients showed a response to one serogroup only and four of these were to serogroups other than 1. In a further two patients there was no antibody response to serogroup 1. Unlike FYSA, heat-killed antigens occasionally give a poorly staining, atypical appearance with some sera. These reactions are usually abolished by diluting serum in E coli "blocking fluid"" and hence would appear to be non-specific. Heat-killed antigen is easy to prepare and use and polyvalent antigens can be made quite simply.
At the present time, we are using four polyvalent antigen pools: (a) L pneumophila serogroups 1-4; (b) Lpneumophila serogroups 5 and 6; (c) L micdadei, L bozemanii and L dumoffli; (d) an experimental antigen comprising L gormanii and two untyped L pneumophila strains kindly provided by Dr JO'H Tobin. With these antigens antibody conversion to serogroup 5 and, in another patient, to one of Dr Tobin's strains have been recognised as have a high titre of antibody to serogroup 6 and L micdadei respectively in a further two patients. However, validation of the performance of these antigens with human, as opposed to animal, antisera is difficult because sera containing antibody at a high titre to serogroups other than 1 are in very short supply.
